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 Abstract 
Under line Pathology of Materials; one of the environmental causes of damage effects on concrete is freeze thaw 
cycles, which deteriorate the concrete exposed to water in cold weather. An example of old concrete is a dam project 
that was built in Canada, in the early 1909-1913. This project was reconstructed in 1932, 1934 and 1972, and 
required renovation due to the ice abrasion with the freeze/thaw cycles. Before completing any renovation, it is 
required to analyze the structural stability and the concrete failures of this dam. 
An investigation was conducted to determine the quality of the concrete in the Piers and in the Bridge Deck Slab. It 
was also required to determine the basic materials’ properties that constitute this project. This will improve the 
analysis of its stability [10]. Core samples were examined and used as test samples, for the Alkali-Silica reactivity 
test samples, as well as the compressive strength test, the Chloride Ion test, and the freeze thaw testing which was 
performed on two sets of 12 concrete core samples that were taken from different locations in the project. These 
locations are the representations of the age of the concrete. Thus, the age difference between the samples’ two sets is 
four decades. Testing was performed on prisms cut from cores.  ASTM C-666 procedure (A) was applied using an 
automatic test system [6]. It was suggested that a plan for renovation of this project should be performed after the 
analysis is undertaken to assess the conditions estimating the remaining life of the concrete in this project [15].  
© 2013 The Authors. Published by Elsevier B.V.
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1. Introduction 
The Temiscaming dams (Ontario and Quebec) are found on the Ottawa River and are exposed to severe weather 
conditions such as freeze thaw cycles. These Dams were built in 1909-1913 by the Federal Government primarily to 
control the water level in the upper reaches of the Ottawa River. Figure no.1 shows a view with deterioration of 
concrete. In the summer of 1992, a general inspection and recommendation report was provided which revealed that 
the dams were not seriously deteriorating. Some areas at the pier nose of the Ontario dam should undergo remedial 
repair in order to stop the concrete from deteriorating especially in the areas where there are severe rust stains, 
cracks, and corrosion. The deterioration of the concrete pier noses is caused by the freeze thaw cycles [2], (see 
figure. no. 1), the reaction between certain reactive aggregates on the pier faces revealed the beginning of a chemical 
reaction causing deterioration. Random cracking on surfaces of major concrete components is an indication of a 
potentially serious problem caused by the internal expansion of the concrete. This is the result of a very slow 
chemical reaction between the aggregate, the cement, and water. It is characterized by the loss of strength between 
© 2014 Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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the binder and the aggregate, which also equates to reduce the strength of the concrete. When the reactive elements 
are presented, the reaction cannot be stopped but can be slowed by inhibiting the availability of water [14]. 
This reaction is more active in water constructions. The deterioration on the pier noses is also caused by 
workmanship and due to no usage of high quality paste for concrete which resists certain types of freezing and 
thawing deterioration; for that we use air entrainment with high quality paste and durable aggregates. 
Figure 1. Severe deterioration of concrete at the pier noises due to the Freeze Thaw cycles effects 
The concrete mix was missing the materials that reduce capillary voids and increase the freezing and thawing 
resistance in the same manner as an increase in the Portland cement [1]. It is axiomatic that exposed concrete, which 
may become saturated, should never be placed in freezing climates without the protection of entrained air. There are 
severe corrosion appearing on the steel beams in the Ontario dam, and this corrosion appears heavily on steel beams 
1 and 3 near the drainage areas. This corrosion is due to the short drain seepage of water on the steel, which can 
speed the chemical reaction between water, air and steel leading to severe rust. There exist active cracks in some 
piers of the Ontario dam ranging 20 to 50 mm wide and 2 to 3.1 meters long, and 200 mm deep into the concrete on 
both sides. These cracks are considered to be structural cracks and will be extended due to the freeze thaw cycles 
and the dynamic forces that occur during the opening and closing of the Sluiceway. 
2. Theoretical study of freezing and thawing of concrete 
   Freezing and thawing have an important influence on weathering of all masonry and concrete materials. When it 
occurs, materials with high resistance to frost action should be used. The requirements for producing concrete with 
this quality are well established. Durability loss through freezing and thawing action is common in concrete 
structural elements in many parts of the world [1]. The most common procedure to overcome this problem is the 
introduction -into the concrete- a given proportion of air bubbles having a specific distribution throughout the past. 
Air entraining admixtures are early anionic surfactants, which due to their absorbed orientation, form stabilized 
bubbles in the paste. Mather states that concrete will be immune to the effects of freezing and thawing if the pores 
containing freezable water are never more than 91% filled; i.e., not critically saturated, but if they are, the paste 
should have an air-void system with an air bubble located not more than 0.2 mm from such a pore [13]. . 
Freezing and thawing mechanical action, when coupled with the ingress of deleterious salts, can significantly reduce 
the longevity of structures. Moukwa reports that wetting and drying the concrete together with freezing - thawing 
thermal shock action generates micro cracks, thus allowing deep penetration of aggressive ions [12]. Furthermore, to 
study the effect of freezing and thawing on concrete, accelerated tests by artificial freezing are used; test methods 
have not been standardized. Therefore, comparisons must be made with caution as differences in the procedure 
make important differences in results. 
   One method generally used in Portland Cement Association Laboratories is as follows: After curing, specimens- 
usually 6 by 6-in. cubes or 6 by 6 and 6 by 12-in cylinders and cores- are soaked in water 72 hours. Then each 
specimen is placed in a can which is filled with water, covered, and then placed in the refrigerator. 
While being filled, the temperature in the refrigerator rises to approximately +14˚F, but drops to zero in about 3 
hours and then gradually decreases to - 15˚ then to - 17˚F during the next 16 hours. Specimens are removed and 
thawed for 4 hours in 70˚ to 80˚F. [1].The cycle is then repeated. Each cycle requires 24 hours. At intervals (5 to 10 
cycles), specimens are cleaned, inspected and weighed. 
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Testing was performed in accordance with ASTM C-666 Standard [1] and the above theoretical requirement. 
 The results of freeze – thaw tests performed on 12 concrete core samples were taken from the Temiscaming Dams.  
The samples were selected from the cores, and a section of adequate length for cutting the samples showed no sign 
of cracking in the cores and no foreign objects e.g. timber blocks, reinforcing steel, etc. 
All samples were selected between the high and low water levels. The samples were selected from four 
locations on the Ontario and Quebec dams. The samples are numbered sequentially on the diagrams to facilitate 
further reference to the results. It is noted that the cores drilled in the Ontario dam were done in the 
Downstream and in the pier extension. The concrete here was poured in the early seventies (1970 - 72) and 
hence is newer concrete. Whereas, in the Quebec side, the cores were drilled behind the stop log recess in the 
old (original) section of the dam which is now about 60 years old.  In all cases, the cores were drilled along the 
centerline of the pier. Therefore, all samples are representations of the concrete rather than the surface concrete. 
The core samples were then cut into prisms having nominal dimensions of 76.2 mm x 101.6 mm x 387.4 mm (3˝ x 
4˝ x 15.25˝). The ends of each sample were marked and drilled, and stainless steel pins were inserted and 
permanently fixed in the holes with epoxy adhesive. The pins are used as references for length change 
measurements. Testing was performed in accordance with ASTM C-666 Standard as we mentioned above 
(Procedure A which is more stringent than Procedure B). A fully automated test system was used for this purpose in 
which measurements of the length and resonance frequency were made at intervals, and changes were compared to 
the ASTM failure criterion. For each sample, the machine indicated the number of cycles at which failure was 
detected [7]. Refer to table (1) for the test results. 
The results of the tests indicate that 9 out of 12 samples of concrete did not survive the full 300 cycles, and failure 
was indicated after 120 freeze-thaw cycles in some cases. Therefore, the concrete as tested has shown low freeze-
thaw durability. One of these Photographs of the failed samples is showing in figure 3).  
Figure 3. Freezing and thawing testing of sample no. 11.
A brief discussion of every sample is also included.  In some cases, the failed samples have expanded to the extent 
that they were difficult to remove from the containment boxes, and some actually crumbled into pieces as they were 
being released. It is possible that the top sample from Pier 6, Ontario, was a little bit higher than the high water 
levels (HWL). Thus, its exposure and submersion conditions could have caused little freeze-thaw damage. This 
sample survived the ASTM requirement for durability, whereas sample 3- which is slightly lower- did not. It also 
exhibited deterioration at one end only (See figure 3 the selected sample No. 11).
It should be noted that the water level variation throughout the freezing season seems to have an effect on the 
durability profile. Locations above the high water level were generally less susceptible to freeze-thaw damage. The 
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same applies to submerged locations where the warm water below the surface continually heats the concrete and 
prevents freezing. The most susceptible region is where water level fluctuates and at the water levels itself.  
In general, the water level reaches its highest level in the summer and lowest level around March. Thus, it 
continuously drops during the winter months. 
Early in the winter, locations near the high water level experience the most cycling.  As temperatures get colder and 
water levels decrease, the middle section (between high and low) will be mostly frozen and will experience less 
cycling.  Towards the end of winter, and as the temperature moderates, the water level is at its lowest and the 
possibility of frost-cycling increases [3] and [8].  
Table 1. Samples Failure and cycles
This scenario, in general, may be used to explain why the middle sample (in both Piers 10 –Ontario and Pier 9 
Quebec) exhibits higher durability than at locations near high or low water levels. However, this scenario is largely 
dependent on the temperature conditions and water level variations in any given year. 
The petrography examination results were also reviewed in an attempt to understand the present results.  A total of 
seven samples were examined in addition to samples from Ontario Pier6, Quebec Pier 3 and Pier 9. 
In Quebec Pier 3 samples, judged of average general quality and average hardness, signs of low intensity reactivity 
and high porosity were reported. 
This may explain the low freeze-thaw durability indicated in the present test. 
In Quebec Pier 9 samples, the petrography examination revealed two interesting things, in addition to micro-
cracking:  
1) 50% of the coarse aggregate had fine cracks at the paste aggregate interface, and aggregates were poorly coated. 
2) Signs of low to medium intensity activity were found. 
Despite the fact that the porosity of the cement paste was low, the two factors mentioned above do not make durable 
concrete under frost conditions.  The early separation of surface aggregate was observed in these samples during 
freeze-thaw testing.  Since the mechanism of failure here will be related to the initial conditions at the surface and 
aggregate size distribution, the large dispersion in the results may be explained (the petrography examination also 
indicated discontinuous grading for this type of concrete). 
In the Ontario side of the dam, only one sample from Pier 6 was examined. The results indicate a general good to 
average quality (a little bit better than the Québec side), low intensity micro-cracking, and high porosity. The overall 
better quality, good grading, high surface hardness may have contributed to the apparent better durability than 
Québec Pier 3 may have contributed. 
However, more samples may need to be tested to confirm this. 
No petrography data was available for Pier 10, Ontario. However, large scatter was observed with variable 
conditions with depth. 
Considering that all concrete tested was non-air entrained concrete and considering the indicated low freeze-thaw 
durability levels, we must recommend further assessment of the conditions to ensure the safety of the structure and 
Serial no.     Sample Reference Cycles to Failure 
1
2
   Ontario, Pier 6,         3.0 - 3.5 m 
   4.2 -4.6 m 
300 * Survived 
247 
3
4
5
6
7
   Ontario, Pier 10,            3.2 -3.7 m 
   4.2 - 4.6 m 
-   5.4 m 
   5.6 - 6.0 m 
   6.0 - 6.5 m 
230 
150 
300 * Survived 
300 * Survived 
420 
8    Quebec, Pier 3,         48 - 5.2 m 144 
9
10 
11 
12 
   Quebec, Pier 9,         3.0 - 3.5 m 
   3.9 - 4.3 m 
   4.3 - 4.8 m 
   6.0 - 6.4 m 
140 
247 
140 
120 
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estimate the remaining service life before any major repair may be needed. The course of action needs to be 
determined on the basis of all test and inspection results undertaken on the structures [11].   
Conclusions and Recommendations 
The conclusions and recommendations are: 
1) The age and the serviceability of the old concrete in these dams are in question. 
2) The live expense of the old concrete can be determined. Also, a study review, a plan for investigation, analysis, 
and evaluation of  the repairs or reconstruction can be provided for all the structures exposed to environmental 
effects such as freezing and thawing, having similar weather condition. 
3) Before proceeding with any more testing, it is prudent to carry out an assessment of the freeze-thaw cycling 
conditions for any structure exposed to freeze thaw cycles.  This will involve a review of environmental conditions 
and water level fluctuations and estimate the thermal cycling conditions on the pier structure. Approximate analysis 
should be undertaken first without resorting to sophisticated analytical techniques in order to make a first assessment 
of the actual frost cycling conditions. 
4) Assess the most critical locations on the structure which are more susceptible to frost damage.  This will require 
an analysis of the thermal response behavior of the structure based on simulated ambient conditions. Typical cycles 
could be simulated and the transient thermal response of the concrete structure could be studied. Should the critical 
locations be different from earlier cores, then it is recommended to take cores from critical locations for further 
testing. 
5) It is also recommended that additional samples from the existing cores be tested according to ASTM C-666.  
Additional results should confirm the findings of the present tests. 
6) Horizontal cores at the nose of the piers would be extremely useful in charting the profile of the concrete from the 
surface and into the core. Testing should include strength, reactivity, as well as freeze-thaw durability on suitable 
size samples. 
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